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FOREWORD 

This  publication  vas  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  j  -e  published  to  service  the  translation 
and  research  needs  of  the  various  government 
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departments . 
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EVALUATION  OP  THE  SEISMIC  ALLY  DANGEROUS  ZONES 
DURING  EXPLOSIONS 

■  :  ••  V  ,  ,  "J 

:  "  -USSR-  :' 

/“Following  is  the  translation  of  an  article 
entitled  "Otsenka  seycmicheeki  opasnykh  zon 
pri  vzryvakh"  (English  version  above!  by 
M.  A.  Sadovskiy  published  in  Trudy  Seysmo- 
logicheskogo  Instituta  Akad.  iTauk  sssff  ’ 
(Proceedings  of*”*uSe  ” $ e  t  sm  o  1  o g icall  nati tu t e 
of  the  Academy  of  Soiencea,  USSR)*  No*  106, 
Moscow,  1941,  pages  64-73  •/ 


The  possibility  of  a  destructive  seismic  effect 
caused  on  structures  by  large  explosions  is  indisputable* 
However,  because  of  the  confusion  caused; When  workers 
who  know  little  about  explosions  attempted,  to  evaluate 
the  effect  of  explosions  by  means  of  methods  used  in 
studying  the  intensity  of  earthquakes,  a  clearly  exag¬ 
gerated  concept  of  the  seismic  danger  of  explosions 
developed*  Experience  has  shown  that,  because  of  the 
fear  caused  by  seismic  phenomena  accompanying  explosions, 
in  many  cases  a  significant  amount  of  time  was  wasted 
in  unfounded  discussions  on  the  possibility  of  the  oc¬ 
currence  of  explosions,  great  economic  loss  caused  by 
unnecessary  stoppage  of  electric  power  stations  near 
the  explosion,  and  other  completely  unnecessary  con¬ 
sequences  no  less  harmful  tc  the  national  economy. 

VI . '  ,  It  is  apparent  that  all  of  these  harmful  conse¬ 

quences  result  from  the  fact  that  workers  in  industry 
are  poorly  informed  on  the  true  nature  of  the  seismic 
effect  explosions  have  on  buildings  and  structures.  For 
this  reason  the  elaboration  of  even  the  simplest  methods 
of  evaluating  the  true  seismic  danger  involved  in  ex¬ 
plosions  should  be  recognized  as  a  fundamentally  im¬ 
portant  problem. 

Great  mathematical  difficulties  accompany  a 
precise  solution  of  the  problem  involving  the  effeot 
of  oscillation  of  the  ground  on  buildings  and  con¬ 
structions.  vor  this  reason  a  precise  solution  is 
hardly  possible  for  each  specific  case  involving  the 
seismic  effect  of  an  explosion. 
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We  will  limit  our  problem  to  an  elementary  inve¬ 
stigation,  the  goal  which  will  be  to  give  a  simpli¬ 
fied  picture  of  the  mechanism  involved  in  the  destructive 
seismic  effect  of  explosions  based  on  the  following  well- 
known  dynamic  factors  of  structures: 

(1)  Any  engineering  structure  is  a  mechanical 
system  with  a  characteristic  oscillation  period  of 
its  own. 

I  (2)  The  effect  of  a  compelling  ground  oscilla-  L 

'  tion  on  a  structure  is  greater,  the  closer  the  period  of  ! 
these  oscillations  is  to  the  period  of  the  given  struct¬ 
ure. 

On  the  basis  of  these  conditions  the  oscillation 
of  the  ground  must  be  evaluated  from  the  point  of  view 
of  the  relationship  between  its  own  period  and  the  period 
of  the  structure  as  well  as  from  the  point  of  view  of 
absolute  intensity.  Therefore  &3  our  first  problen  we 
must  establish  the  range  of  periods  found  in  contemporary 
structures  and  buildings  and  evaluate  the  limits  of  oscilla¬ 
tion  periods  in  the  ground  during  explosions.  The  first 
of  these  tasks  is  already  accomplished  in  many  works  on 
the  dynamics  of  structures  which  give  the  basic  periods 
for  typical  structures  and  buildings.  Periods  lie  in  the 
range  between  0,3  and  1.0  seconds. 

Somewhat  greater  dif ficuities  are  met  in  finding 
the  limits  of  oscillation  periods  for  the  ground  during 
explosions.  Por  the  sake  of  clarity  in  the  rest  of  this 
article  we  give  her*  a  short  description  of  the  nature 
of  oscillations  In  explosions. 

A  typical  oscillation  record  of  an  explosion  is 
shown  in  Pig.  1.  Two  phases  of  oscillation  stand  out 
clearly  on  this  seismogram,  e.a  on  any  other  such  record 
taken  near  the  explosion  (in  the  rone  where  the  radius, 

R  2  kilometers).  The  first  of  these,  the  primary  wave, 
is  a  short-period,  lew- amplitude  oscil?_ation  which  dies 
out  quickly.  The  period  of  this  phase  in  various  cases 
varies  from  thousandths  to  hundredth  parts  of  a  second. 

The  duration  is  one  or  two  complete  oscillations. 
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(cek  *  seconds) 

Legend:  1)  t  -  0.005-01,5  seconds*  2)  t  •  0.02-0.4  seconds* 
3)  t  -  0,5-15.0  seconds. 


Legend:  1)  T2  period  of  the  ground  la  the  principal  phase  in  sec¬ 
onds;  2)  swampy  gro\*rid*  3)  sediments:  4)  rock*  and  5)  dis¬ 
tance  from  the  explosion  in  meters. 


In  the  second  phase,  the  oscillation  grows  - 
agin a.  The  amplitude  reaches  a  much  higher  peak  than 
the  one  observed  in  the  primary  phase,  4.  definite 
peHcd  characterises  this  phase.  The  magnitude  does 
change  depending  or.  the  physical  and  meehnical  properties 
of  the  ground  at  the  point  of  measurement  and  its 
distance  from  the  explosion.  Vt'hen  ground  conditions  are 
constant  and  distance  is  euqal  the  magnitude  remains 
;  fairly  constant.  It  should  be  noted  here  that  the  i 

existence  of  a  specific  oscillation  period  for  the  ground 
in  the  second  and  main  phase  of  osciallation  has  as  yet 
received  no  satisfactory  explanation. 

One  would  expect  a  complete  spectrum  of  periods 
in  the  oscillation  of  a  practically  unlimited  mass  of 
ground  rather  than  a  specific  period  characteristic  for 
the  ground  since  the  occurrence  of  the  latter  i6  pos¬ 
sible  only  for  oscillation  cf  a  body  of  limited  dimen¬ 
sions,  We  do  not  intend  to  go  into  this  question.  ?/e 
would  like  to  note  only  that  one  of  the  reasons  for  the 
occurrence  of  oscillations  with  a  specific  period  can 
be  the  reflection  of  waves  in  a  layer  of  earth  of  fi¬ 
nite  thickness.  However,  that  may  be,  the  existence  of 
a  dominant  period  in  the  main  phase  of  oscillation  is 
a  fact  which,  is  constantly  observed. 

It  has  been  mentioned  supra  that  the  period  of 
oscillation  Y?  in  the  main  phase  depends  on  the  properties 
of  the  ground^ and  on  distance.  The  nature  of  these  re¬ 
lationships  is  little  known.  To  get  some  idea  of  the 
magnitude  of  the  peried  T,.  in  various  types  of  ground, 
we  may  recommend  the  following  empirical  formulae  in 
which T  signifies  the  distance  in  meters: 

First  group  Tp  -  0.13  Igf  —  swamp,  strongly  water 

A  saturated  sediments  (1) 

Second  group  T0=  0.07  lgT  "***  sediments  (clays,  loess, 

^  6T>C«.)  V 

Third  group  Tp  =  0.01  lgr  —  rock  ^ granites,  dolomites). 

Tne  formulae  listed  show  satisfactory  results  for 
distances  between  20  and  2000  meters,  as  shown  in  Fig. 2, 
From  the  formulae  for  TP  it  would  seem  that  the  oscilla¬ 
tion  periods  for  ground^can  have  any  value  since  they 
increase  with  distance.  In  this  instance  the  problem  of 
determining  the  limits  of  Tp  which  we  have  proposed 
would  be  senseless.  However,  osciallation  caused  by 
explosions  rapidly  dies  out  with  increase  in  distance 
and  becomes  so  small  at  great  distances  that  its  effect 
on  structures  may  be  neglected.  Thus,  for  example, 
only  zones  with  a  radius  leas  than  1000  meters  are 
.  seitmically  dangerous  even  for  the  largest  explosions  . 
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(c«k  «*  seconds) 

Legend:  1)  t  -  0*005-01.5  seconds:  2)  t  •  0.02-0.4  seconds; 
3)  t*  0.5-15*0  seconds.  . 


Legend:  1)  T2  period  of  the  ground  in  the  principal  phase  in  sec¬ 
onds;  2)  swampy  .•'roi'rd;  3)  sediments;  4)  rock;  and  5)  dis¬ 
tance  from  the  explosion  in  meters#  >r 
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'  In  the  second  phase ,  the  oscillation  grows ‘ 

agina.  The  amplitude  reaches  a  ranch  higher  peak  than 
the  one  observed  in  the  primary  phase,  k  definite 
pefried  characterizes  this  phase.  The  magnitude  does 
change  depending  on  the  physical  and  meohnical  properties 
of  the  ground  at  the  point  of  measurement  and  its 
distance  from  the  explosion,  h'hen  ground  conditions  are 
constant  and  distance  is  euqal  the  magnitude  remains 
;  fairly  constant.  It  should  be  noted  here  that  the  • 

existence  of  a  specific  oscillation  period  for  the  ground- 
in  the  second  and  main  phase  of  osciallation  has  as  yet 
received  no  satisfactory  explanation. 

One  would  expect  a  complete  spectrum  of  periods 
in  the  oscillation  of  a  practically  unlimited  mass  of 
ground  rather  than  a  specific  period  characteristic  for 
the  ground  since  the  occurrence  of  the  latter  is  pos¬ 
sible  only  for  oscillation  cf  a  body  of  limited  dimen¬ 
sions.  We  do  not  intend  to  go  into  thie  question.  We 
would  like  to  note  only  that  one  of  the  reasons  for  the 
occurrence  of  oscillations  with  a  specific  period,  can 
be  the  reflection  of  waves  in  a  layer  of  'earth  of  fi¬ 
nite  thickness.  However,  that  may  be,  the  existence  of 
a  dominant  period  in  the  main  phase  of  oscillation  is 
a  fact  which  is  constantly  observe- d. 

It  ban  been  mentioned  supra  that  the  period  of 
oscillation  T?  in  the  main  phase  depends  on  the  properties 
of  the  ground‘d  arid  on  distance.  The  nature  of  these  re¬ 
lationships  is  little  known.  To  get  some  Idea  of  the 
magnitude  of  the  period  T0  in  various  types  of  ground, 
we  may  recommend  cbe  following  empirical  formulae  in 
which r  signifies  the  distance  in  meters: 

First  group  T?  ~  0.13  igf  —  swamp,  strongly  water 

£  saturated  sediments  (1) 

Second  group  T,-  0,07  lg-r  —  sediments  (clays,  loess, 

Third  group  1V>  =  0.01  lgf  --  rock  (granites,  dolomites). 

The  formulae  listed  show  satisfactory  results  for 
distances  between  20  and  2000  meters,  as  shown  in  Pig. 7- 
Prom  the  formulae  for  T~  it  would  seem  that  the  oscilla¬ 
tion  periods  for  ground  .tan  have  any  value  since  they 
increase  with  distance.  In  this  instance  the  problem  of 
determining  the  limits  of  T?  which,  we  have  proposed 
would  be  senseless.  However,  osciallation  caused  by 
explosions  rapidly  dies  out  with  increase  in  distance 
and  becomes  so  small  at  great  distances  that  its  effect 
on  structures  may  be  neglected.  Thus,  for  example, 
only  zones  with  a  radius  lees  than  1000  meters  are 
.  seiemically  dangerous  even  for  the  largest  explosions  . 


~~l 

we  have  produced  at  present  (up  to  500  T.).  If  we  take 
1000  meters  as  a  Uniting  distance,  vre  may  calculate 
from  the  formulae  above  that  the  limiting  maximum  value 
of  the  period  r5  for  the  ground  will  be  0<4  seconds  for 
swamps ,  0*21  for  sediments,  and  0*03  for  rock*  Consider¬ 
ing  that  structures  are  not  generally  built  in  swamps, 
we  may  take  the  limiting  magnitude  of  the  ofcoillation 
period  of  the  ground  during  explosions  as  0*01  —  0*3 
seconds.  ■■■"'"•  V  '  i 

Some  results  of  seismic  effects  of  explosions  r 
obtained  by  the  Seismological  Institute  of  the  AN  (Aka- 
demiya  Kauk  Academy  of  Sciences),  TJS3H  (the  work  of 
P,  A,  Kirillov  and  M.  A.  Sadovekiy)  should  be  mentioned. 
Instrumental  obse nations  of  oscillations  caused  by 
explosions  show  that; 

1)  the  amplitude  A  and  the  velocity  v  of  oscilla¬ 
tion  are  functions  of  the  relationship  5  /— —  where  c 


T  •  ;  . 

is  the  weight  of  the  explosive  BB,  f  is  the  distance 
from  the  explosion  point  to  the  observation  point  $  f 

2)  the  amplitude  of  the  oscillation  depends  on 
the  properties  of  the  ground;  the  magnitude  of  the 
oscillation  velocity  may  be  considered  as  not  depending 
on  the  nature  of  the  ground  at  the  observation  point; 

3)  the  decrease  in  intensity  of  oscillation  with 
distance  is  greatest  near  the  explosion*  With  increas¬ 
ing  distance  from  the  explosion,  the  decrease  in  inten¬ 
sity  becomes  slower.  Thu 3,  for  example*  an  empirical 
expression  for  the  velocity  v  of  oscillation  of  par¬ 
ticles  of  ground  may  be  written  in  the  form; 

v  *  k  (  %/jL  )  (2), 

where  \>  *  1  for  still  hi — and  «  Z  for  large  2-JSL  • 

T  T 

A),  comparison  6?  seismic,  damage  sustained  during 
explosions  with  the  magnitudes  of  amplitude,  velocity, 
and  acceleration  of  ground  caeillationo  which  were  in¬ 
's  volved  in  the  explosion  shows  that  there  is  a  direct 
relationship "between  the  magnitude  of  oscillation  velo¬ 
city  and  damage  sustained.  Experience  shows  that  damage 
is  observed  only  when  the  velocity  of  the  oscillation 
is  equal  to  or  greater  than  12  --  14  cm-Sec  for  structures 
located  on  ground  of  intermediate  hardness  (sediments). 
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Legend:  1)  Line  D  •  corsat.:  2)  Listancu  to  the  explos¬ 
ion  in  meters n 


EVALUATION  OP  DESTRUCTIVE  SEISMIC  CAPA¬ 
BILITIES  OP  EXPLOSIONS 

Let  us  now  evaluate  the  destructive  capabili¬ 
ties  of  oscillations  during  explosions.  For  this  let 
us  make  some  simplifying  assumptions.  Thus,  for 
example,  we  will  consider  that  the  foundation  of  the 
structure  is  firmly  attachedto  the  ground  and  that 
the  structure  is  a  system  which  can  only  oscillate  in 
a  horizontal  plane  wjth  a  single  oscillation  period 
(basic  period;.  v 

:.f  Destruction  of  the  structure  occurs  in  those 
cases  when  tensions  in  its  various  parts  exceed  a 
limit  inherent  in  the  material  of  which  the  parts 


H 

are  made*  The  tensions  will  in  general  be  greater,  the 
greater  the  degree  of  deformation  of  elements  of  tae 
structure The  deformation  of  the  oscillating  system 
will  grow  approximately  proportionally  to  the  square 
root  of  the  potential  energy  of  the  system.  We ^will 
assume  that  kinetic  energy  is  completely  transformed 
into  potential  energy  in  the  oscillating  structure 
and  also  that  the  energy  transmitted  by  the  oscilla¬ 
tions  to  the  structure  also  increases  with  the  growth  (, 
of  the  oscillation  energy  of  the  ground.  Such  propo¬ 
sals  can  allow  us  to  make  no  claim  of  precision  ano. 
are  made  only  so  that  vve  may  obtain  a  rough  evalua¬ 
tion  of  the  affect  of  oscillation  of  the  ground. JJe 
murt  note,  hov/evar,  that  their  applicability  in  the 
cases  we  have  examined'  has  been  confirmed  to  a  certain 

degree  by  experience.  ,  ,  .  .. 

The  relationship  we  mentioned  above  between  the 
magnitude  of  the  oscillation  velocity  of  the  ground  and 
amount  of  destruction  can  indeed  be  regarded  as  evi- 
dence  for  the  existence  of  a  relationship  between 
deformation  of  elements  of  a  structure  and  the  ener¬ 
gy  of  oscillation  of  the  ground  (the  velocity  of 
Oscillation  being  proportional  to  the  square  root, 
of  the  energy  of  oscillation''  and,  consequently.  _ 
as  confirmation  of  the  applicability  of  the  simplifying 
as Bump t ions  we  have  made.  On  the  basis  oi  the  assumpt¬ 
ions  made  we  may  write  the  following  approximate  ex¬ 
pression.  for  a  deformation  d  of  a  structure? 

d  =  K  ,  6  .  v  (#) 

where  v  is  the  velocity  of  oscillation  of  a  particle  of 
ground*  K  is  the  coefficient  cf  proportionality ,  and  /3 
is  a  Quantity  the  determination  of  which  will  be  given 
below ^  Expression  .(*)  for  d  does  not  reflect,  as  can  ^ 
easily  be  seen,  the  position  wo  adopted  on  the  in-lucnce 
of  the  relationship  of  the  period  of  groundcscillEUion 
T«  to  the  period  of  oscillation  of  the  structure  x_. 

Ve  can  take  this  into  consideration,  if  we  take  factor 
•  B  in  expression  (•# )  as  a  quantity  showing  that  the  . 
necessary  oscillations  depend  on  the  relationship  x0 


Having  in  »riew  only  an  approximate  evaluation  or  the 
effect  of  ground  oscillations,  we  propose  that  ii  they 
continue  they  will  be  sufficient  to  cause  practically 
complete  dampitxg  of  the  internal  oscillation  of  the 
structure.  If  this  i'  a c-  (for  large  explosions  this 
proposal  may  be  considered  acceptable)  $  may  be  taken 


ras  the  so-called  "oscillation  increase  coefficient",  “I 
the  mathematical  expression  for  which  has  the  following 
formt 


U 

In  the  above  expression  X  is  a  quantity  depending' 
on  the  damping  of  the  oscillations  peculiar  to  the  struet- 

ure.  •  j  i 

Putting  the  expression  for  6  in  expression  (♦)  and 
taking  into  account  (1)  and  (2),  we  get  the  following 
expression  for  the  deformation  d: 


where  ~U  ,  depending  on  r  and  C  has  a  value  between  one 
and  two. 

Pormula  (3)»  the  right  half  ,  of  which  is  a  function 
of  the  distance  t  and  two  parameters:  the  weight  BB  —  c 
and  the  period  T  of  oscillations  peculiar  to  the  structure 
can  be  uced  in  establishing  the  dimensions  of  seismically 
dangerous  sones  in  explosions .  Having  experimental  data 
on  the  limiting  valuer  of  the  velocity  of  oscillation  v, 
and  knowing  the  quantities  T  ,  ,  and  r  »  one  can  find 

the  quantity  dt  corresponding  to  the  conditions  of  for¬ 
mation  oj  the  initial  destruction.  By  making  a  graph  of 
the  functions  d*=  P(jr)  for  several  given  quantities  T  ,  c, 
y  ,  and  o-#  we  get  a  family  of  curves  shown  in  figure  3 
To' find  the  radius  R  of  seismically  dangerous  2onee 
using  the  graph  in  Pig.  3  one  determines  the  abscissa 
of  the  intersection  of  curves  d  r  F  (f)  with  a  straight 
line  d  *  <1_»  The  values  of  radii  R  of  seismically 
dangerous  x2ones  determined  by  the  above -method  are  given 
in  table  1  for  various  weights  of  charges  BB,  varidus 
types  of  ground,  and  structures  with  various  oscillation 
periods  T  . 
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Radii  (in  meters)  of  Seismically  Jlangerous 
Zones  in  Explosions 
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legend:  X)  height,  tons*,  2)  O'  of  structure:  3)  Type  of 
ground;  4;  Veak,  water  saturated;  5)  sediments; 
6)  rock. 

The  value  cf  d.  was  calculated  for  buildings  - 
with  a  period  cf  0.3  — •  0.35  sec.  Damage  which  occurred 
under  conditions  corresponding  to  the  chosen  value  df 
were  of  an  initial  type  in  nature  such  as:  the  appear¬ 
ance  cf  narrow  cracks  in  brick  walls  and  evens,  fissures 
in  window  frames,  falling  cf  plaster,  etc.  To  illustrate 
the  correspondence  of  the  calculated  values  of  R  with 
actual  cases  we  have  given  in  table  2  sons  data  c on 
seismic  damage  during  exclusions  taken  from  records  of 
the  Scyuav zry  vprein  (Union  explosive  industry  ^probably 
abbreviation  for  acyuzraya  vzryvatel*naya  prommyshlen- 

nost’7)* 
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A3  can  be  seen  from  the  table,  the  results  of 
evaluation  of  the  radium  of  the  seiaialcally  dangerous 
zone  tic  in  completely  with  experience . 

Only  data  for  the  meat  characteristic  explo¬ 
sions  are •  given  in  table  2.  .For  these,  observations 
were  made  either  at  several  points  or  close  to  the 
border  of  the  danger  sons,  R  was  also  determined  for 
many  other  explosions.  Contradictions  between  expe- 
!  rimentel  data  and  the  calculated  dimensions  of  the  L 

!  seisraically  dangerous  zones  were  not  found  in  a  single 

case.  . 

.  For  thi3  reason  we  are  able  to  recommend  the 

method  described  above  to  all  organizations  conducting 
explosive  work  for  an  approximate  determination  oi  the 
seismic  danger  of  large  explosions.  The  following  things 
are  necessary  for  practical  uce  of  this  method: 

1)  The  properties  of  the  ground  in  the  area 
where  the  structures  and  buildings  are  located  must  be 
jqj  o  vv  n  % 

2)  The  periods  of  oscillation  of  the  structures 

and  buildings  must  be  known. 

3)  Table  1  may  be  used  to  find  the  required 
radius  R  for  a  given  weight  BJ3  by  interpolation. 

TS.e  amount  of  moisture  in  the  ground  and  the 
presence  of  ground  waters  must  be  considered  in  evalu¬ 
ating  -chc  properties  of  the  ground.  Very  wet  ground 
should  be  considered  in  the  first  gx'oup  (swampy  ground). 
Table  3  may  be  used  to  determine  the  period  of  oscilla¬ 
tion  for  structures  in  a  general  way  30  that  complete 
studies  of  their  construction  are  not  necessary .  These 
data  are  taken  from  the  took  by  Syuekhirc,  "Engineering 
seismology",  and  from  observations  of  the  Seismological 

Institute  of  the  All  1)3  bR » 

In  applying  the  proposed  method,  it  must  be  re¬ 
membered  that  the  radius  It  of  the  eeismically  dangerous 
zone  will  undoubtedly  change  also  depending  on  the  dura¬ 
bility  of  the  structure.  Thun,  for  example,  the  Radius 
R  will  be  smaller  for  reinforced  concrete  structures 
tfian  we  have  calculated  it  to  be  for  brick  buildings 
of  medium-quality,  construction.  However,  since  various 
elements  of  a  structure  are  not  of  equal  durability,  it 
is  better  not  to  figure  corrections  for  the  increased 
durability  of  structures  into  the  calculated  values  of  Rc 
in  order  not  to  meet  with  possible  cases  where  partial 
destruction  of  weaker  construction  elements  occurs. 
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Table  3 

lt  Characteristic  periods  for  type3  of 

buildings 


Type  of 
building 
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basic  period 
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« 
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It  is  obvious  that  the  proposed  method  of  eva¬ 
luating  seismic  danger  can  not  be  used  for  structures 
which  are  in  threatening  technical  condition.  This  is 
also  the  case  for  special  structures -which  are  signi¬ 
ficantly  different  in  their  construction  from  normal 
buildings  (vary  tall  buildings »  smoke  stacks,  radio 
towers,' wind ’measuring  apparatus,  etc*)  Decisions  on 
the  permissibility  of  explosive  work  near  such  struct¬ 
ures  should  be  cased  on  results  of  careful  mathematical 
analysis. 


CONCLUSION 


The  simplified  di acuesion  of  the  mechanism  of 
destructive  seismic  effects  of  explosions  given  above 
allows  us  to  explain  small  damage  observed  during  ex¬ 
plosions  in  comparison  with  natural  earthquakes.  In  the 
great  majority  of  large  explosions  the  value  of  Tc  , 

‘rfr~ 

the  period  of  the  structure  T  to  the  oscilla-  2 
tion  period  of  the  ground  T0  cis  never  less  than 
2  (in  zone  of  intense  oscillation).  In  earthquakes  the 
value  of  this  ratio  usually  lies  in  the  range  1-05, 

V  In  evaluating  the  magnitude  of  the  oscillation 
growth  coefficient  6  corresponding  to  the  values  of 
the  ratio  Tc  for  explosions  and  earthquakes ,  it  is  not 

difficult  to  notice  (Fig.  4)  that  B  for  explosions  lies 
in  the  range:  '•  ■ 
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For  earthquakes  the  limits  fur*  6  "are  ’the 
following: 

1  ^  B  ^  n 

where  n  depends  on  the  force  of  damping  of  the  oscilla¬ 
tions  in  the .structure  (where V=  0.2  -n*  5)* 

Thus  the  values. of  the  coefficient  fi  for  the 
oscillations  in  explosions  ere  many  times  smaller 
than  in  earthquake e .  It  is  apparent  that  the  same  re~ 
latlonehlp  will  also  be  observed  for  the  deformation 
of  structures  during  explosion  and  earthquake  oscilla¬ 
tion*  However,  this  situation  holds  only  for  explo¬ 
sions  in  which  the  quantity  BB  is  not  too  large.  For 
very  large  charges  the  oscillations  may.  have  suffi¬ 
cient  intensity  over  such  distances  that  the  value  of 
the  period  of  oscillation  of  the  ground  Tg  nay  approach 
the  magnitude  of  periods  characteristic  for  earthquakes 
(Tg  »  0.6-0. 8  sec.).  Such  an  instance  would  lead  to 
an  abrupt  increase  in  the  dinifaEions  of  the  sei3ini- 
oally  dangerous  zone  (see  table  1,  "weak  ground", 

Beoond  line,  charge  10,000  tons)  and  to  mere  serious 
damage  than  that  normally  observed. 

In  evaluating  the  destructive  effect  of  oscilla¬ 
tions  accompanying  explosions  we  must  mention  one  , 
characteristic  property:  damage  when  observed  starting 
from  soiielimiting  distance  Rc  grows  only  slightly  in 
magnitude  as  one  approaches  the  point  of  the  explosion. 
There  is  as  yet  no  complete  explanation  of  this  fact, 
which  contradicts  the  simplified  description  of  the 
damage  mechanism  presented  above.  The  following  rea¬ 
son  msr.y  be  a  possible  explanation  for  the  slower  in¬ 
crease  of  damage  than  would  be  expected  for  the 
growth  of  deformation  we  have  given  (expression  (3) 

Fig.  2):  the  duration  of  the  intensive  oscillations 
in  the  main  phase  apparently  grows  with  jLncreaee  in 
distance  from  the  explosion.  Therefore  our  assumption 
that  the  coefficient  fi  is  identical  with  the  oscilla¬ 
tion  growth  coefficient  is  correct  only  for v fairly  di¬ 
stant  zones.  Close  to  the  explosion  the  values  of  fi 
correspond  less  well  with  the  oec illation  growth  co¬ 
efficient.  Furthermore,  in  the  zone  of  intensive 
oscillation  .involving  high  acceleration  of  the 
ground,  the  forces  of  inertia  of  the  structure -will 
be  bo  great  that  the  stability  of  the  ground  under 
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the  foundation  Joes  •  not  satiety  the  condition  we  as¬ 
sumed  of  a  firm  connection  of  the  structure  with  tne 
ground .  As  a  result  on ©might  expect  a  considerably 
smaller  transfer  of  oscillation  energy  from  the  ground 
to  the  structure , 

In  conclusion  we  note  that  the  empirical  ex~ 
press ions  * 
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we  gave  earlier  for  rock,  sediments,  and  swampy  ground 
(in  our  report  tc  the*  All-Union  conference  on  drilling 
and  explosive  work  in  1939)  give  values  which  are  some¬ 
what  too  small  for  swampy  ground  ao  will  be  seen  in 
table  4 .  • 


Table  4 

Comparison  of  radii  of  seismically  dangerous 

gone  3 


rTrourd\'‘rei^ht  EP 
ground  in  tona 

10 

100 

1000 

100C0  3 

Swamp  formula 

calculation 

430 

930 

2000 

4300 

650 

1170 

22  70 

4000 

kediiuenss  formula 

~T7o 

"W" 

*s'3(r 

“~T?co 

calculation 

1  GO 

3  90 

1380 

32  tO 

Rock  formula 

32 

I v 

150 

320 

calculation 

— 

30 

100 

•  250 

Remarks 


Calculated 
values  R 
are  taken 
for  build¬ 
ings  with 
a  period 
T  =  0.3  sec* 


Values  of  R  also  are  too  low  for  Pediments  when 
explosive  charges  oB  of  1000  tons  and  greater'  are  In¬ 
volved.  This  occurs  because  the  formulas  do  not  take 
into  account  resonance  phenomena,  which  cause  an  abrupt 
increase  in  the  dimensions  cf  the  aeismically  dangerous 
zone. 


.  si* 


In  accordance  with  the  data  given  in  table'  4 
we  recommend  increasing  the  coefficient  for  swampy 
ground  to  30.  If  this  is  done,  expression  (4)  will 
-  give  the  maximum  limit  for  the  radius  of  the  eeis- 
mically  dangerous  senes  for  all  possible  cases  in¬ 
volving  explosions  up  to  1  000  tons  BB. 
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^  fig.  4 

Legend s  1 )  Value  of  coefficient  B ;  2)  earthquake  zone; 

3)  Zone  of  explosive  seismic  effects;  4)  Relation¬ 
ship  of  the  period  of  o jcillatlon  cf  a  structure  T0  to 
the  period  of  oscillation  of  the  ground 
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